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The API STAPH-IDENT system was compared with conventional methods for
the identification of 14 Staphylococcus species. Conventional methods included
the Kloos and Schleifer simplified scheme and DNA-DNA hybridization. The API
STAPH-IDENT strip utilizes a battery of 10 miniaturized biochemical tests,
including alkaline phosphatase, urease, ,-glucosidase, P-glucuronidase, and ,B-
galactosidase activity, aerobic acid formation from D-(+)-mannose, D-mannitol,
D-(+)-trehalose, and salicin, and utilization of arginine. Reactions of cultures
were determined after 5 h of incubation at 35°C. Results indicated a high degree of
congruence (>90%) between the expedient API system and conventional methods
for most species. The addition of a test for novobiocin susceptibility to the API
system increased the accuracy of identification of S. saprophyticils, S. cohnii, and
S. hominis, significantly. Several strains of S. hominis, S. haemolyticuis, and S.
warneri which were difficult to separate with the Kloos and Schleifer simplified
scheme were accurately resolved by the API system.

The identification of Staphylococcus species
in human and veterinary clinical laboratories is
important as some are frequently encountered in
infections and often demonstrate a high level of
resistance to various antibiotics (1, 2, 5, 7-9, 11-
13, 18, 20-24, 26). Most surveys indicated a
higher frequency of S. aureus, S. epidermidis,
and S. saprophyticus strains associated with
human infections compared with other species,
and S. aureus, S. intermedius and S. hyicus
were species more often associated with animal
infections. Some of the other species are of
questionable or undetermined clinical impor-
tance.

Extensive phenotypic character analyses and
DNA-DNA hybridization studies (reviewed by
Kloos, 13; Kloos and Schleifer, 16) have provid-
ed sound taxonomic criteria for the classification
of at least 16 different Staphylococcus species.
Shortly after the formal designation of most of
the human-adapted species, Kloos and Schleifer
(14) developed a simplified taxonomic scheme
for application in the routine laboratory. The
key characters used in this scheme included
coagulase activity, hemolysis, nitrate reduction,
and aerobic acid production from ,-D-(-)-fruc-
tose, D-( +)-xylose, L-( + )-arabinose, D-( - )-ri-
bose, maltose, a-lactose, sucrose, D-(+)-treha-
lose, D-mannitol, and xylitol. Susceptibility to
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novobiocin and lysostaphin, alkaline phospha-
tase activity, anaerobic growth pattern in thio-
glycolate, and colony morphology were consid-
ered as secondary characters to improve
accuracy in identification. The above combina-
tion of characters was quite accurate in predict-
ing DNA homology groups. However, even
though the simplified scheme provided the clini-
cal bacteriologist with a workable system for
identifying species, it still required the prepara-
tion of a variety of media and reagents and from
2 to 3 days of incubation for interpretation of
results.
To further facilitate the identification of

Staphylococcus species, API system S.A., Mon-
talieu-Vercieu, France, developed an API
STAPH strip system combining 20 miniaturized
biochemical tests, many of which were derived
from the above simplified scheme. The API
system was particularly advantageous in that it
provided preformed strips containing the test
substrates and made available necessary re-
agents. Furthermore, in most cases, reactions
could be interpreted after incubation at 37°C for
24 h. Several investigators have reported on the
use of this system (4, 8, 9).

Just recently, Analytab Products, Plainview,
N.Y., has introduced a rapid and sensitive API
STAPH-IDENT strip system that combines 10
miniaturized biochemical tests which can be
interpreted after only 5 h of incubation at 35 to
37°C. The purpose of this investigation is to
compare the new API STAPH-IDENT system
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with conventional methods for the identification
of Staphylococcus species.

MATERIALS AND METHODS
Bacterial cultures. A total of 75 S. epidermidis, 59 S.

hominis, 48 S. haemolyticus, 34 S. warneri, 46 S.
capitis, 24 S. auricularis (sp. nov., W. E. Kloos and
K. H. Schleifer, submitted for publication), 23 S.
simulans, 24 S. saprophyticus, 25 S. cohnii, 20 S.
xylosus, 22 S. sciuri, 22 S. aureus, 20 S. intermedius,
and 26 S. hyicus strains were used in this study.
Strains included those isolated from healthy skin and a
variety of infections and the species type strains and
other reference strains described previously (6, 10, 15,
17, 25). Approximately 25% of the strains tested were
from fresh human or veterinary clinical sources.

Conventional identification methods. All phenotypic
character determinations were performed according to
methods described in the Kloos and Schleifer simpli-
fied scheme (14). In addition to the 13 key characters
making up this scheme, the supporting characters of
colony morphology, aerobic acid production from D-
(+)-cellobiose, anaerobic growth in thioglycolate, and
susceptibility to novobiocin were also examined. Se-
lected strains from each species were further verified
on the basis of their DNA relatedness to species
reference or type strains, using DNA-DNA hybridiza-
tion techniques described previously (3, 19).
API STAPH-IDENT strip system. The API STAPH-

IDENT strips consist of a series of 10 microcupules
containing dehydrated substrates, nutrient media, or
both. The alkaline phosphatase (Phs), p-glucosidase
(Gls), and ,-glucuronidase (Glc) microcupules contain
chromogenic substrates and positive reactions are
noted by the liberation of p-nitrophenol from them.
The urease (Ure) and arginine utilization (Arg) micro-
cupules contain phenol red as an indicator to detect
alkaline end products. The mannose (Mne), mannitol
(Man), trehalose (Tre), and salicin (Sal) microcupules
contain cresol red as an indicator to detect acid
production. The ,3-galactosidase (Ngp) microcupule
contains 2-naphthol-13-D-galactopyranoside and re-
quires the addition of STAPH-IDENT reagent (0.35%
fast blue BB salt in 2-methoxyethanol) to detect free p-
naphthol.
Recommended procedures of the manufacturer

were followed for the preparation of strips and inocu-
lum and the inoculation, incubation, and reading of
strips. Test organisms were removed from an over-
night culture inoculated on Trypticase soy agar plates
containing 5% sheep blood, using a sterile cotton
swab. The inoculated swab was agitated in 2 ml of
sterile 0.85% saline so that the final turbidity was
approximately that of a no. 3 McFarland (BaSO4)
turbidity standard. Each microcupule on the strip was
filled with three drops (approximately 80 ,ul) of the
above-described bacterial suspension. After inocula-
tion, strips (placed into plastic trays with lids) were
incubated for 5 h at 35°C in air and then read. Two
drops of STAPH-IDENT reagent were added to the
Ngp microcupule, and color development was record-
ed after 30 s.

Positive reactions were converted to a four-digit
profile for species identification according to instruc-
tions of the manufacturer. The following 10 biochemi-
cal tests are divided into the four groups arranged in

order on the strip: Phs, Ure, and Gls; Mne, Man, and
Tre; Sal, GIc, and Arg; and Ngp. A value of one, two,
and four is assigned to the first, second, and third
positive biochemical test, respectively, in each group.
A value of zero is assigned to a negative result. Each
resulting profile number represents a unique combina-
tion of positive reactions.

RESULTS

Identification according to the Kloos and
Schleifer simplified scheme. Of the 376 staphylo-
coccal strains isolated from humans and belong-
ing to the recognized species S. epidermidis, S.
hominis, S. haemolyticus, S. warneri, S. capitis,
S. simulans, S. saprophyticus, S. cohnii, S.
xylosus, and S. aureus, 370 (98%) could be
classified by the simplified scheme of Kloos and
Schleifer (14). The six (2%) strains not classified
by the scheme were identified as two coagulase-
negative, encapsulated S. aureus strains and one
strain each of S. epidermidis, S. warneri, S.
capitis, and S. simulans by DNA-DNA hybrid-
ization and the API STAPH-IDENT system
according to the currently available STAPH-
IDENT profile register. Four strains of S. ho-
minis, two strains of S. warneri, and one strain
of S. haemolyticus were misclassified by the
simplified scheme. Misclassification was sus-
pected first by results of the API STAPH-
IDENT system and then verified by DNA-DNA
hybridization.

Modification of the existing simplified scheme
was necessary to identify the animal species S.
sciuri (coagulase negative, acid from cellobiose,
resistant to novobiocin at 1.6 ,ug/ml) (17), S.
intermedius (coagulase positive, weak acid from
maltose, usually weak acid from mannitol) (10,
23) and S. hyicus (coagulase variable, suscepti-
ble to novobiocin, no acid from maltose, usually
no acid from mannitol) (6, 23, 24) and the newly
proposed human species S. auricularis (coagu-
lase negative, susceptible to novobiocin, acid
from trehalose, usually weak acid from maltose,
no acid from mannitol, xylose, arabinose, xyli-
tol, cellobiose, or ribose, weak anaerobic
growth in thioglycolate, very slow growing, un-
pigmented colonies; W. E. Kloos and K. H.
Schleifer, manuscript submitted for publica-
tion). With the indicated modifications, all
strains of S. auricularis, S. sciuri, and S. inter-
medius were classified correctly. Of the 26 5.
hyicus strains tested, 20 (77%) were also correct-
ly classified. The remaining six unclassified
strains were among the coagulase-negative S.
hyicus. Their identity was determined by DNA-
DNA hybridization and the API STAPH-
IDENT system.
DNA-DNA hybridization. In addition to identi-

fying the few strains that were unclassified by
the Kloos and Schleifer simplified scheme (14),

J. CLIN. MICROBIOL.



EVALUATION OF API STAPH-IDENT SYSTEM 511

5midmrmidia
sP group

DNA
Relative binding

% at
70°C 55°C

100, o100

90, 90

70

5440

SUPICES F h
$wits

20

101

0

SO0,

40,

301

201

0

spcghytiocus
speie grop

_C N

FIG. 1. DNA relationships of Staphylococcus species. The number of strains tested in each species is
indicated just below the species name and to the left of the dendrogram line. DNA relatedness can be determined
by the relative binding indicated on the ordinates (left). Subspecies are given a numerical (e.g., 1, 2, etc.)
designation due to the absence of a formally proposed epithet.

DNA-DNA hybridization techniques were used
to verify the identity of a representative sample
of different classified strains in each species.
Various selected strains were used as sources of
unlabeled DNA, whereas known species refer-
ence or type strains were used as sources of
tritiated thymidine-labeled DNA. Reassociation
reactions were performed at optimal (55°C) and
stringent (70°C) conditions and the relative bind-
ing of labeled to unlabeled DNA was determined
(Fig. 1). Strains belonging to the same species
exhibited .75% relative DNA binding at optimal
and stringent reassociation conditions, with the
exception of strains belonging to different sub-
species in S. cohnii, S. intermedius, and S.
hyicus, where under stringent conditions rela-
tive DNA binding was between 50 and 70%.
API STAPH-IDENT strip system. The distribu-

tion of API four-digit profiles among strains of
various Staphylococcus species is shown in Ta-
ble 1. A total of 115 different profiles were
encountered in this study of which 85 to 90%
were unique for a single species. From 8 to 14%

of the profiles overlapped two species, and 1 to
3% overlapped three species. If novobiocin sus-

ceptibility and coagulase testing (as recommend-
ed by the manufacturer) were added to the
battery, 95 to 96% of the profiles generated were
unique. Profile overlap was particularly noted
between the species S. hominis, S. cohnii, and
S. saprophyticus. By the addition of novobiocin
susceptibility as a test, the accuracy in identifi-
cation of S. cohnii and S. saprophyticus in-
creased to nearly 100%.

In all but four species, 50% or more of the
strains were distributed among one or two major
species profiles. In S. warneri, S. simulans, S.

xylosus, and S. hyicus, 50% or more of the
strains were distributed among three to four
major species profiles. More than 50% of the
total, and all major, profiles were tested and
verified according to species identity by DNA-
DNA hybridization of representative strains
bearing them. It was interesting to find that the
API STAPH-IDENT strip system could accu-
rately resolve two different subspecies popula-
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TABLE 2. Differentiation of Staphylococcus species by API STAPH-IDENT system biochemical tests.

Staphylococcus |No. of API STAPH-IDENT system test" AdditionalStaphylococc strin tests
species tested Phs Ure GIs Mne Man Tre Sal Glc Arg Ngp Nov Coag

Coagulase negative
S. epidermidis 75 94 97-99 8-19 21-24 0 1 0 0 65-79 0 0 0
S. hominis 59 0 90-92 0 3 8 59-66 0 0 19 0 2 0
S. haemolyticus 48 0 0 44 0 31-40 100 0 48 98 0 0 0
S. warneri 34 0 97 97-100 3 53 91-97 0 44-47 26-32 0 0 0
S. capitis 46 0 0 0 91-9696-98 0 0 0 74 0 0 0
S. auricularis 24 0 0 0 8 0 75-83 0 0 54-62 8-29 0 0
S. simulans 23 17-26 100 0 26-35 17 74 0 61 96 100 0 0
S. saprophyticus 24 0 100 25 0 0-4 71-83 0 0 96 79 100 0
S. cohnii a 19 0-16 5 0 5-16 84 79-84 0 0 0 0 100 0

subsp. 1
S. cohnii b 6 67-100 100 0 33 33 67 0 100 0-17 100 100 0

subsp. 2
S. xylosus 20 75-80 100 100 25-35 10-15 45-55 5 85-90 0 95 100 0
S. sciuri 22 91-95 0 100 100 100 86 86-91 0 0 0 100 0

Coagulase positive
S. aureus 20 100 60-70 80 100 90 100 0 0 80-85 0 0 100
S. intermedius 20 100 100 55-65 95 0 90 0 0 85-90 100 0 100
S. hyicus 26 96-100154-58 27-46 92 0 96 0 62-65 92 0 0 46-58

a Abbreviations: Phs, alkaline phosphatase; Ure, urease; GIs, ,-glucosidase; Mne, acid formation from
mannose; Man, acid formation from mannitol; Tre, acid formation from trehalose; Sal, acid formation from
salicin; Glc, ,-glucuronidase; Arg, utilization of arginine; Ngp, 3-galactosidase; Nov, resistance to novobiocin
(MIC - 1.6 ,ug/ml); and Coag, coagulase. Values are the percentages of positive reactions. Two values indicate a
difference in results that may be obtained due to borderline positive reactions.

tions of S. cohnii (13). The API strip was unable
to resolve certain subspecies within S. interme-
dius or S. hyicus.
A summary of the percentage of strains in

each species giving positive results for each of
the biochemical tests in the API STAPH-IDENT
strip and the additional tests of novobiocin sus-
ceptibility and coagulase activity is given in
Table 2. Most biochemical tests included on the
strip were very useful in resolving members of
the S. epidermidis species group (composed of
S. epidermidis, S. hominis, S. haemolyticus, S.
warneri, and S. capitis) and members of the S.
saprophyticus species group (composed of S.
saprophyticus, S. cohnii, and S. xylosus). The
three coagulase-positive species S. aureus, S.
intermedius, and S. hyicus could be resolved on
the basis of acid formation from mannitol and ,3-
glucuronidase and P-galactosidase activities.

DISCUSSION
The API STAPH-IDENT system provided a

rapid and accurate method for identifying the
various Staphylococcus species examined in this
study. The 12-test system proposed (including
the 10 miniaturized biochemical tests, novobio-
cin susceptibility, and coagulase production)
had an overall congruence of 95% with conven-
tional methods. Preliminary results (unpublished
data) suggest that this system can also identify at

least two other new animal Staphylococcus spe-
cies, currently under investigation, and Micro-
coccus kristinae, the species most often con-
fused with staphylococci by virtue of its ability
to produce acid from a variety of carbohydrates
and anaerobic growth.
Some of the results of certain biochemical

tests used in the API STAPH-IDENT strip are
different from those obtained by conventional
methods. This discrepancy is in most part, due
to differences in incubation time, substrate con-
centration and indicator sensitivity. For exam-
ple, S. saprophyticus is usually mannitol nega-
tive by the API test, but mannitol positive with
conventional methods (14, 25). Similarly, only
those few strains of S. epidermidis producing
rapid acid from mannose will be recorded as
positive by the API test, whereas by longer
conventional methods, most strains of S. epider-
midis will be mannose positive. These discrep-
ancies did not alter the outcome of the API
system in identifying species.

LITERATURE CITED

1. Archer, G. L. 1978. Antimicrobial susceptibility and se-
lection of resistance among Staphylococcus epidermidis
isolates recovered from patients with infections of in-
dwelling devices. Antimicrob. Agents Chemother.
14:353-359.

2. Archer, G. L., and M. J. Tenenbaum. 1980. Antibiotic-
resistant Staphyloc oc c us epidermidis in patients undergo-

VOL. 16, 1982



516 KLOOS AND WOLFSHOHL

ing cardiac surgery. Antimicrob. Agents Chemother.
17:269-272.

3. Brenner, D. J., G. R. Fanning, A. Rake, and K. E. John-
son. 1969. A batch procedure for thermal elution of DNA
from hydroxyapatite. Anal. Biochem. 28:447-459.

4. Brun, Y., J. Fleurette, and F. Forey. 1978. Micromethod
for biochemical identification of coagulase-negative staph-
ylococci. J. Clin. Microbiol. 8:503-508.

5. Devriese, L. A., and J. Derycke. 1979. StaphYlococcus
hviiscus in cattle. Res. Vet. Sci. 26:356-358.

6. Devriese, L. A., V. Hajek, P. Oeding, S. A. Meyer, and
K. H. Schleifer. 1978. Staphvlococcus h,vicus (Sompo-
linsky 1953) comb. nov. and Staphylococcus hy.icus
subsp. chromogenes subsp. nov. Int. J. Syst. Bacteriol.
28:482-490.

7. Eng, R. H. K., C. Wang, A. Person, T. E. Kiehn, and D.
Armstrong. 1982. Species identification of coagulase-neg-
ative staphylococcal isolates from blood cultures. J. Clin.
Microbiol. 15:439-442.

8. Freeman, R., and N. Hjersing. 1980. Species of coagulase-
negative staphylococci isolated from catheter tips from
open-heart surgery patients. Thorax 35:359-362.

9. Gemmell, C. G. 1980. New developments among the
coagulase-negative staphylococci. Clin. Microbiol.
Newsl. 2:5-7.

10. Hajek, V. 1976. StaphYlococcus intemtlediuis. a new spe-
cies isolated from animals. Int. J. Syst. Bacteriol. 26:401-
408.

11. Jefferson, S. J., and J. T. Parisi. 1979. Bacteriophage
typing of coagulase-negative staphylococci. J. Clin. Mi-
crobiol. 10:396-397.

12. John, J. F., P. K. Gramling and N. M. O'Dell. 1978.
Species identification of coagulase-negative staphylococci
from urinary tract isolates. J. Clin. Microbiol. 8:435-437.

13. Kloos, W. E. 1980. Natural populations of the genus
Staphylococcus. Annu. Rev. Microbiol. 34:559-592.

14. Kloos, W. E., and K. H. Schleifer. 1975. Simplified
scheme for routine identification of human Staphylococ-
cus species. J. Clin. Microbiol. 1:82-88.

15. Kloos, W. E., and K. H. Schleifer. 1975. Isolation and
characterization of staphylococci from human skin. II.
Descriptions of four new species: StaphYlococcus ii'ar-
neri, Staphylococcus capitis, StaphYlococcushloPltnifis,
and Staphylococcus simulans. Int. J. Syst. Bacteriol.
25:62-79.

16. Kloos, W. E., and K. H. Schleifer. 1981. The genus Staplh-

Ylococcus, p. 1548-1569. In M. P. Starr, H. Stolp, H. G.
Truper, A. Balows, and H. G. Schlegel (ed.). The pro-
karyotes. Springer-Verlag, New York.

17. Kloos, W. E., K. H. Schleifer, and R. F. Smith. 1976.
Characterization of Staphylococcus sciuri sp. nov. and its
subspecies. Int. J. Syst. Bacteriol. 26:22-37.

18. Kloos, W. E., and P. B. Smith. 1980. The staphylococci,
p. 83-87. In E. H. Lennette, A. Balows, W. J. Hausler,
and J. P. Truant (ed.), Manual of clinical microbiology.
American Society for Microbiology, Washington, D.C.

19. Kloos, W. E., and J. F. Wolfshohl. 1979. Evidence for
deoxyribonucleotide sequence divergence between staph-
ylococci living on human and other primate skin. Curr.
Microbiol. 3:167-172.

20. Nord, C. E., S. Holta-Oie, A. Ljungh, and T. Wadstrom.
1976. Characterization of coagulase-negative staphylo-
coccal species from human infections, p. 105-111. In J.
Jeljaszewicz (ed.), Staphylococci and staphylococcal dis-
eases. Gustav Fischer Verlag, Stuttgart.

21. Oeding, P., and A. Digranes. 1977. Classification of coagu-
lase-negative staphylococci in the diagnostic laboratory.
Acta Pathol. Microbiol. Scand. 85:136-142.

22. Phillips, W. E., Jr., R. E. King, and W. E. Kloos. 1980.
Isolation of Staphylococcus hvicus subsp. hv'icus from a
pig with septic polyarthritis. Am. J. Vet. Res. 41:274-276.

23. Phillips, W. E., Jr., and W. E. Kloos. 1981. Identification
of coagulase-positive Staphylococcus ititermnediius and
Staphylococcus hvicus subsp. hvicus isolates from veteri-
nary clinical specimens. J. Clin. Microbiol. 14:671-673.

24. Schaefler, S., D. Jones, W. Perry, L. Ruvinskaya, T.
Baradet, E. Mayr, and M. E. Wilson. 1981. Emergence of
gentamicin- and methicillin-resistant Staphylococcus(liu-
reus strains in New York City hospitals. J. Clin. Microbi-
ol. 13:754-759.

25. Schleifer, K. H., and W. E. Kloos. 1975. Isolation and
characterization of staphylococci from human skin. I.
Amended descriptions of Staphylococcus epider-midis and
Staphylococcus saprophyticius and descriptions of three
new species: Staphylococcius cohnii, Staphylococcus h(le-
molNticus, and Staphylo(o(c(us xvlosius. Int. J. Syst. Bac-
teriol. 25:50-61.

26. Wilkinson, B. J., S. Maxwell, and S. M. Schaus. 1980.
Classification and characteristics of coagulase-negative,
methicillin-resistant staphylococci. J. Clin. Microbiol.
12:161-166.

J. CLIN. MICROBIOL.


